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The Wilms tumor gene WTl encodes a Cys2His2-type 
zinc finger protein that can bind DNA and function as a 
transcriptional regulator. The pathological spectrum 
of tumorigenesis and various developmental defects 
produced by different WTl alterations suggests that 
WTl controls a number of subsequent effector genes. 
To define the role of WTl in these developmental pro-
cesses it will be important to elucidate mechanisms that 
govern expression of WTl itself. To facilitate mapping 
of the WTl promoter region and 5' control elements we 
have determined the sequence upstream of the WTl 
transcription unit. This includes the Wit-l gene that is 
transcribed in the opposite direction. © 1993 Academic 
Press, Inc. 
Homozygous deletion or point mutations of the WTl 
gene have been found as a key step in the development of 
some Wilms tumors (1, 3). In addition, genitourinary 
abnormalities such as cryptorchidism and hypospadias 
can be caused by the inactivation or deletion of one copy 
of the gene in germline DNA (8,11). A much more severe 
phenotype of nephropathy, intersex, and a high inci-
dence of Wilms tumors are seen in patients with Denys-
Drash syndrome, which appears to be due to specific 
missense mutations within the zinc finger domain of the 
WTl protein (9). This diversity of phenotypes indicates 
that the WTl product is involved in several developmen-
tal pathways. There have been no reports, however, on 
the regulation of WTl expression itself. The present 
study describes the sequence characteristics of the WTl 
upstream region to facilitate the identification elements 
controlling WTl expression. 
The entire WTl locus has been cloned in overlapping 
cosmid clones that have been used to determine the 
exon-intron structure of the gene (4). The region 5' to 
exon 1 of the WTl gene was first mapped by restriction 
enzyme digestion of cosmid clones and suitable DNA 
fragments were subcloned into plasmid vectors for fine 
mapping and sequencing. The sequence was determined 
on double-stranded plasmid DNA (Sequenase, USB) us-
ing vector primers supplemented with specific oligonu-
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cleotide primers in some instances. All sequences were 
determined at least twice and more than half of the se-
quence was confirmed by reading the other strand. Se-
quence assembly and comparison were done using the 
HUSARjUWGCG package at DKFZ, Heidelberg. 
Parts of the WTl sequence upstream and downstream 
of exon 1 have already been published (4; X61631). An 
additional 4010 nucleotides have been determined in 
this study, giving a total contiguous sequence of 5503 bp 
(X69950, HSWTl WIT). The important features of the 
sequence are graphically depicted in Fig. 1. The entire 
region is characterized by a high overall GjC content of 
59% with little suppression of CpG dinucleotide fre-
quency. Especially the areas around nucleotides 400-
1000 and after nucleotide 4000 likely represent true CpG 
islands. They fulfill the criteria of moving averages of 
>50% C + G and a value of >0.6 for observed vs expected 
frequency of CpG dinucleotides over long stretches (2, 
7). In addition, they contain sites for restriction enzymes 
that are sensitive to CpG methylation. These sites are 
efficiently cut in genomic DNA from different sources 
(data not shown), suggesting that this area is under-
methylated. The most prominent CpG island region 
covers the entire exon 1 of WTl and spreads into intron 
1 and the presumed promoter region. 
Some of the important control elements of WTl ex-
pression are likely located within a stretch of 419 nu-
cleotides (3986-4404) (Fig. 2) that exhibits strong simi-
larity (79%) to the murine DNA sequence upstream of 
the major transcriptional start site (10). Both sequences 
contain two copies of the consensus binding motif 
(ccgccc) for the transcription factor Spl at similar loca-
tions. The sequence TCTT ATTT (nt 4369-4376) may 
represent a TAT A box, although this is not typical of 
GjC-rich promoters. There are several additional possi-
ble binding sites for Spl or related factors in the con-
served 5' untranslated region of the human and murine 
genes. Any putative factor binding site, however, will 
have to be confirmed by binding assays or functional 
studies. There are only 179 bp of additional murine se-
quence known beyond this region of high similarity. 
This sequence is only distantly related to the human 
sequence and it remains unclear whether there are other 
regions of sequence conservation further upstream. 
A second divergent transcript originating from this 
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FIG. 1. Organization of the WTI upstream region. The upper graph shows the distribution of G/C content (broken line) and observed vs 
expected frequency of CpG dinucleotides (solid line) along the sequence (using the basepair plot program of R. Lopez (7». Criteria for CpG 
islands are C/G >50% and Obs/Exp CpG >0.6 over more than 200 consecutive bp. The diagram (lower graph) depicts part of the restriction map 
together with the location of the Wit-l and WTI exons. The precise start of the Wit-l 5' exon is not known. Triangles give the location of 
primers WIS3 and WIS5 used for the amplification of the Wit-l cDNA fragment. The single short open reading frame for Wit-l is highlighted 
by an open box. The shaded box marks the region of high sequence conservation between the human and the mouse WTI upstream regions that 
likely contain some of the transcriptional control elements. The position of transcriptional start sites is deduced from the murine sequence. 
3986 gttcccgccctcttggagcctacctgcccctccctccaaaccactctttt 4035 
1111_11111111111111111111111111111111 
180 GTTCCCGCCCTCTTGGAGCCCACCTGCCCCTCCCTCCACCCCCACCCTTC 229 
4036 agattaacaaccccatctctactcccaccgc.attcgaccctgcccggac 4084 
11111111 I11 1111 1111 11 I I 1111 I I 1111 
230 TGATTAACAGCCCGGACTCTTCTCCTACTTCGGTCCGACACCGAGGGGAC 279 
4085 tcactgcttacctgaacgactctccagtgagacgaggctcccacactggc 4134 
I11 I 1111111 I11 11 11 I 1111 11 11111 I 
280 TCATTACTTACCTAGACGCCT ...... TGCCTCAAGGCGCCTACACTCGG 323 
4135 gaaggccaagaaggggaggtggggggagggttgtgccacaccggccagct 4184 
11111111 1111 11 11111111 I11 I I11 11111111 
324 GAAGGCCAGCTAGGGTAGCA.GGGGGAGGCTTGCGGTACA .• GGCCAGCT 370 
4185 gagagcgcgtgttgggttgaagaggagggtgtctccgagagggacgctcc 4234 
111111 1111 I11 11111111111111111111 I 1111111 
371 GAGAGCACGTGGCGGGCCAGAGAGGAGGGTGTCTCCGAGATGAACGCTCC 420 
4235 ctcggacccgccct.caccccagctgcgagggcgcccccaaggagcagcg 4283 
111111_11111111111111111111111 
421 CTCGGGCCCGCCCCACACCCCCGGTGCTA .. GTAACCGGGACGAGCAGCG 468 
4284 cgcgctgcctggccgggcttgggctgctgagtgaatggagcggccgagcc 4333 
I11 I11 11 1111 111111111 1111111111111111111 
469 CGCTTTGCTGAGCTAGGCTAGGGCTGCTGTGTGAATGGAGCGGCCGAGCA 518 
4334 tcctggctcctcctcttccccgcgccgccggcccctcttatttgagcttt 4383 
111111111111111 I I11 11 111111111111111111111111 
519 TCCTGGCTCCTCCTCCTTCCC.TGCTGCCGGCCCCTCTTATTTGAGCTTT 567 
-_ ... _ ... _---
4384 gggaagctgagggcagccaggcagctggggtaaggagttcaag 4426 human 
111111111 111111111111111111111111111111111 
568 GGGAAGCTGGGGGCAGCCAGGCAGCTGGGGTAAGGAGTTCAAG 610 mouse 
genomic locus was first described by Huang et al. (6). 
The 2.1-kb Wit-1 sequence published closely resembles 
the one we have determined (11 deletions/insertions of 
single nucleotides and three substitutions in a total of 
2013 nucleotides). Based on RNase protection assays, 
Huang et at. have postulated the presence of four exons 
for this transcript, but only the last exon including a 
poly(A) tract was present in their cDNA clones. To de-
termine the precise exon-intron boundaries we have 
used primers complementary to sequences in the pre-
sumed first and fourth exon to isolate this transcript 
from kidney cDNA. A single DNA fragment could be 
amplified from cDNA prepared from either Wilms tu-
mors or fetal kidney (Fig. 3). Upon direct sequencing of 
the peR product and comparison to the genomic se-
FIG. 2. Alignment of the putative human and mouse WTI pro-
moter regions. The human sequence is shown in lowercase letters. The 
murine sequence (uppercase letters) and the position of the minor 
(thin underline) and major (thick underline) transcriptional start 
sites of the mouse WTI gene are taken from Pelletier et al. (10). Opti-
mal alignment was produced with the HUSAR/UWGCG program 
BESTFIT. The putative Spl binding sites are marked by boxes. A 
possible TAT A box is highlighted by a dashed underline. The arrow 
denotes the start of the LKl5 cDNA, which represents the longest 
human WTI cDNA clone isolated (3). 
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FIG. 3. Amplification of the Wit-1 transcript from human fetal 
kidney cDNA. Only a single DNA fragment is amplified from fetal 
kidney cDNA (Wit-I, marked by arrow). The size was estimated as 
890 bp by comparison with a known size marker (M). There was no 
DNA fragment detected corresponding to that amplified from geno-
mic DNA (=1.9 kb). For the amplification reaction single-stranded 
cDNA was prepared from 5 Ilg oftotal fetal kidney RNA by oligo(dT) 
priming using the Pharmacia first-strand kit. The PCR reaction was 
then carried out using ~ of the cDNA and primers corresponding to 
nucleotides 1403-1422 and 3293-3274 of the genomic sequence. Am-
plification conditions were 30 s at 94°C, 30 s at 58°C, and 30 s at 72°C 
for 40 cycles. For direct sequencing the amplified DNA fragment was 
recovered from a 1% agarose gel by glass milk extraction (BI01O!). 
Sequencing was performed with ~ of the products from a 50-Ill PCR 
reaction using the Promega fmol kit with 32p end-Iabeled primers. 
quence a single splice junction was identified at nucleo-
tides 3104/3105 and 2098/2097 (AG/gtgcgtat ... intron 
. . . ccatttattttctcag/ AA). Both splice sites also received 
one of the highest scores when the entire sequence was 
assayed for putative exons using the Geneld software 
(5). There was no evidence for two additional interven-
ing exons that were postulated from the RNase protec-
tion data. The peR assay predicts a 5' exon of at least 
189 nucleotides in length, but we have not attempted to 
identify the 5' end of the Wit-1 transcript. The currently 
known combined sequence of 2.4 kb for the Wit-1 tran-
script only contains a short open reading frame as de-
scribed previously (6), the functional significance of 
which is unclear at the moment. 
The present study defines the sequence structure of 
the WT1 upstream region and will serve as a reference 
for future identification and mapping of regulatory ele-
ments for the expression of WT1. The promoters for 
both the WT1 and Wit-1 transcripts likely fall within 
less than 1.1 kb and there may be only a single promoter 
region of =420 bp with bidirectional function. 
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